Objectives: MicroRNAs (miRNAs) are endogenous 23 nucleotides (nt) RNAs, regulating gene expression by pairing to the mRNAs of protein-coding genes to direct their post-transcriptional repression. Both in normal and aberrant activities, miRNAs contribute to a recurring paradigm of cellular behaviors in pathological settings, especially in gerontology. Autophagy, a multi-step lysosomal degradation process with function to degrade long-lived proteins and damaged organelles, has significant impact on gerontology. Thus, elucidating how miRNAs participate in autophagy may enlarge the scope of miRNA in autophagy and facilitate researches in gerontology. Materials and methods: Herein, based upon the published studies, predicted targets and gerontology-related diseases, we constructed a web resource named Gerontology-Autophagic-MicroRNA Database (GAMDB) (http://gamdb.liu-lab.com/ index.php), which contained 836 autophagy-related miRNAs, 197 targeted genes/proteins and 56 aging-related diseases such as Parkinson' disease, Alzheimer's disease and Huntington's disease. Results and Conclusion: We made use of large amounts of data to elucidate the intricate relationships between microRNA-regulated autophagic mechanisms and gerontology. This database will facilitate better understanding of autophagy regulation network in gerontology and thus promoting gerontology-related therapy in the future.
Introduction
Gerontology has been considered as global health care issue, especially in most developed countries, which leads to a currently wide-accepted perception that many consequences of ageing are measurable in mammals, such as deterioration of individual tissues and functional decline in performance tests (1) . With the increase of life expectancy and the steadily growing ageing population worldwide, the study of ageing and gerontology-related therapy has drawn extensive attention for the recent years. The most common gerontology-related diseases include type II diabetes, osteoporosis, stroke, neurodegenerative diseases, such as Parkinson' disease, Alzheimer's disease and Huntington's disease, and even cancer (2) . The identified complex mechanisms causing ageing or mitigating ageing effects give us a chance to ameliorate such diseases, although accompany with the great challenge of global population ageing process (3) . Autophagy is a highly conserved multi-step lysosomal degradation process that may act as a double-edge sword of cell fates. Under normal conditions, autophagy acts as a physiological mechanism of temporary survival, but when cellular stress results in continuously or excessively induced autophagy, cell death will take place (4). As hypomorphic mutations in a single gene age-1 were reported to extend the life span, other pathways have been implicated in ageing, such as some autophagic genes AMP kinase (AMPK) and mammalian target of rapamycin (mTOR) (5-7). About 2000 miRNA genes have been found since the first discovered small non-coding RNAs including lin-4 and let-7 were identified in Caenorhabditis elegans (C. elegans) (8, 9) . The induction is initiated by the ULK complex, consisting of ULK1/2, mAtg13. It is the focal adhesion kinase family interacting protein of 200 kDa (FIP200) as well as Atg101. This complex is inhibited by a negative regulator in the autophagic process, namely the mammalian target of rapamycin complex 1 (mTORC1) (10, 11) . miR-885-3p has multiple conserved and predicted binding targets, including mAtg13, Atg9A and Atg2B (12) . miR-30a may target Beclin-1 directly in autophagic flow, while miR-376b regulates Beclin-1 by directly targeting Atg4C (13, 14) . There are two unique ubiquitin-like conjugation systems involved in the step of elongation and completion. One pathway involves the covalent conjugation of Atg12 to Atg5 that requires Atg7 and Atg10. miR-204 has been confirmed to regulate autophagy via directly targeting the main LC3 homologue, LC3B; miR-375 directly aims at Atg7, an E1-like enzyme required for the initial step of the conjugation system (15) . The docking and fusion of the autophagosome leads to autolysosome maturation, eventually leading to the breakdown of the autophagosomal contents. miR-34a is a crucial regulator via direct modulation on Atg9A (16) . In the degradation and recycling step, miR-17/20/ 93/106 family members can regulate SQSTM1 gene with a common seed sequence, encoding the poly-ubiquitin binding protein SQSTM/p62 and binding to LC3 (17) .
Different evidence supported the crucial roles of miRNAs in autophagy, and establishing a basis for understanding specific mechanisms linking miRNA deregulation to autophagic pathways. However, the specific mechanisms of the way how miRNAs regulate autophagy in gerontology are still in its embryogenesis. There is no systematic collection of corresponding information about the relations between miRNAs and autophagy. Here, we construct the online Gerontology-AutophagicMicroRNA Database (GAMDB) (http://gamdb.liu-lab. com/index.php), a knowledge database that integrates information of experimentally identified miRNAs and their autophagic target genes/proteins in gerontologyrelated diseases. GAMDB mainly focuses on the relationships between miRNAs and autophagy in gerontology-related disease, and it is comprised of three data fields, including human miRNAs, autophagic target genes/proteins and different types of gerontology-related disease (Table 1) .
Materials and methods

Database construction and structure
GAMDB is an open-access database developed on Linux using MySQL platform with a PHP-based HTML framework to store, retrieve and display related data. GAMDB was developed based on published articles and public online databases. An overview of data organization in GAMDB was shown in a schema diagram (Fig. 1) . The miRNA annotations were obtained from the miRBase (http://www.mirbase.org/) (18) . Annotations of genes and diseases were downloaded from UniProt (http://www.uniprot.org/) (19) and OMIM (http:// omim.org/) respectively. Information of published articles was obtained from PubMed. Humanized autophagic proteins were downloaded from Gene Ontology (GO) consortium (http://geneontology.org/) (20) . Online prediction data of miRNA targeted gene in human genome were retrieved from DIANA-TarBase v7.0 (http://diana.imis.athena-innovation.gr/DianaTools/) (21) .
Manual curation of miRNA function in autophagy
We looked up for the experimental validated autophagyrelated miRNAs by referring to published articles in the related fields. We retrieved information of miRNA regulatory roles in autophagy flow and its related diseases based on two key words, autophagy and miRNA on PubMed. The information of miRNA-targeted gene was extracted from published articles, while other data were obtained from results of combination of OMIM and UniProt. We took advantage of the online database OMIM to collect information about different disease types to associate with the known and predicted miRNAs in autophagy. In addition, we have converted the information of target genes into the UniProt accession numbers, which provides a comprehensive, high-quality and freely accessible resource of protein sequence and functional information (22) .
Prediction of autophagic miRNA targets in gerontology
We applied similar methods to collect data of targeted autophagic genes/proteins in gerontology-related disease. Gerontology-related diseases can be divided into several types, including cancer, cardiovascular disease, cognitive conditions, joints and bones problems, neurological disease, obesity, sight and hearing problems, urinary incontinence and diagnostic procedures (23) . According to the information of different ageing disease types, we retrieved disease-related genes from OMIM (24) . We manually extracted the related data through manual curation from published articles and books to validate whether these genes are related to autophagy. Then, validated autophagy-related disease genes were applied by DianaTools (23) to predict the potential targeting miRNA, and related information on gene and miRNA was collected from UniProt and miBase. 
Results
The extracted information of GAMDB
There are about 237 humanized autophagic proteins in Gene Ontology (GO) consortium. Under the guidance of OMIM, we got 56 different major gerontology-related diseases. To predict candidate miRNAs targeting these autophagic proteins, we took advantage of a predictive database, DianaTools, to predict miRNAs that regulate gene expression. In addition, to explore whether these miRNA can be used in gerontology-related therapy, we used manual curation to discover targeted gene function in diseases or ageing consequence, and recorded the feasible gerontology-related diseases. Overall, there are 836 autophagic miRNAs, 197 targeted autophagic genes/ proteins and 56 diseases that have been collected in our database.
Database query
GAMDB contains all information resources from three different intricately connected fields, including miRNA, gene and diseases. Users can use any data fields to query the database and follow the link to obtain related information (Fig. 2a) . Furthermore, users can take advantage of provided hyperlinks to get further detailed information. Besides, the hyperlinks of gene targets and diseases can also be linked to other resources, such as UniProt, OMIM, etc. Users can recognize whether the miRNA has been validated by experiments through SOURCE column, in which the status of experimentally validated miRNA is displayed with a PUBMED hyperlink. Users can also find some other related information of the validated miRNA through the hyperlink. If the miRNA came from an online database, users could find the corresponding database name in the SOURCE column and seek further experimental validation information through the database. For example, miR-30a is the first demonstrated autophagy-related miRNA that targets Beclin-1. We collected 10 miR-30a-targeted autophagy genes/proteins and found that X types of diseases linked to miRNA-30a and its targeted genes/proteins (Fig. 2b) . Moreover, some other miRNAs, such as miR-630, miR-342, miR-30c and miR-92a, can target the same autophagic genes/proteins of miR-30a, while other miRNAs including miR-376b, miR-34a and miR-484 were involved in the same types of cancer cells of miR-30a. Of note, a wiki-like system was also built for openaccess update that researchers can upload the novel miRNA information. The users could use the "Submission Interface" to submit the latest results. Once these results get through our audit, we will update these data to GAMDB as soon as possible (Fig. 2c) . In addition, we have provided a help hyperlink on the website, as an instruction, in order to make researchers use more conveniently.
Discussion
Accumulating evidence has indicated that autophagy in different pathologic settings processes the dual role function, either induced cell survival or death. Anti-cancer therapeutics, including chemotherapy, radiotherapy and targeted therapy, activate autophagy to protect cells under stress conditions and promote drug resistance (25) . Current studies reported that depletion of autophagic gene ULK1 in neurons leads to neurodegenerative disease, such as Parkinson's disease, suggesting that targeting autophagy will offer a novel and complex therapeutic strategy for more gerontology-related disease (26, 27 ). There are two major approaches to target miRNA, miRNA reduction and miRNA replacement. Several reports have shown that miRNA analogue or anti-miRNAs can be used as potential therapeutics for cancer and neurodegenerative disease (28) . miR-30a mimics can enhance tumour cell apoptosis by suppressing Beclin-1-mediated autophagy (7, 29) . miR-101-mediated inhibition of autophagy sensitizes breast cancer cells to chemotherapeutics-induced apoptosis (30, 31) . In addition, miR-4487 and miR-595 were involved in regulation of ULK1-p70 S6K pathway in SH-SY5Y cells, providing potential therapeutic for Parkinson's disease (26) . Increasing evidence has shown that the dual role of both miRNAs and autophagy may play a crucial role in pathologic process. It attracted great interest in the research community. We introduce our online database to provide miRNA-and autophagy-related information in different types of gerontology-related disease, with experimentally identified connections between miRNAs, autophagic proteins/genes and cancer from published articles and several online databases. Other databases, such as miBase, UniProt and OMIM, are linked to our database for more details. The multi-targeting nature of miRNAs indicates a potential influence on diverse autophagic pathways. However, the redundancy of miRNA family members augments complex and intricate relationships among the autophagic regulatory network (32, 33) .
In general, we collected a comprehensive data including 836 autophagic miRNAs, 197 targeted genes/ proteins and 56 types of diseases in our database. We expect further research efforts to investigate miRNAmodulated autophagy in geriatric pathology, and to reveal the application of miRNAs in designing novel therapeutic strategies for gerontology-related diseases such as Parkinson's disease. Considering miRNA researches have rapidly increased in this decade, we will continue to update GAMDB and keep this database upto-date. Moreover, in addition to the occasional updates, we will perform a major update every 2 months. We hope this database will facilitate better understanding of autophagy regulation network in gerontology and promote gerontology-related therapy.
